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 The widespread use of Agile practices in the software development industry creates the need 
for new college graduates to be adept in Agile processes and teams. The University of Nebraska-
Lincoln’s Computer Science and Engineering (CSE) Senior Design courses gives students an introduction 
to such processes, but is met with many challenges in doing so, such as time constraints and student 
inexperience. Following a detailed look at the Scrum Agile framework and its expanded practices in 
industry, potential improvements for CSE Senior Design’s practice of Agile are suggested. These include 
the creation of resource forums for students to accelerate the early learning phase and workshop 
improvements for emphasizing the context that Agile processes have in delivering working software.  
 




Engineering in general, and software engineering in particular, is a very process-oriented field. 
The long-lived nature of these projects requires a concerted organizational effort in order to meet 
demands and navigate constraints. The organization and development of these projects has evolved 
with time. The software industry today largely favors Agile development methods, where new artifacts 
are regularly produced to provide continuous feedback. This process makes use of multiple, small, 
independent teams which contain specialized roles and perform regular meetings, or ceremonies,  to 
provide project management. Agile development is not a strict process, containing several variations 
each with different roles, ceremonies, and practices. 
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The importance of new software developers being adept in an Agile team environment cannot 
be understated. The software industry has generally adopted the Agile development in order to produce 
software faster, more cheaply, and with better value for their clients. Many software development 
companies actively look for new graduates who have experience working in an Agile framework. 
Several courses at the University of Nebraska-Lincoln are explicitly modeled around the Agile 
framework, one of these being Computer Science Professional Development, commonly referred to as 
CSE Senior Design. Senior Design places great emphasis on team formation and development, but time 
constraints and student inexperience make it challenging to properly apply the Agile mindset. To this 
end, a detailed look at team organization and the practices of Agile in industry will provide insight into 
how Senior Design can be enhanced to better prepare students for the reality of the software industry 
today. 
Thesis Overview 
This thesis presents a high-level overview of the Agile framework to provide context for further 
comparison and discussion. This includes the development process, team ceremonies, and the team 
organization of an example Agile framework. Following this is a detailed comparison of the Agile team 
environment and practices in industry and CSE Senior Design, drawing from personal experience and 
literature where applicable. Conclusions are drawn from this discussion with the goal of enhancing the 
practice of Agile in Senior Design to better prepare students for industry.  
 
Agile Overview 
Why teach Agile? 
 Agile development is the most prominent and varied aspect of the software development 
process today. It arose out of a crisis during the latter decades of the 20th century. Software projects 
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frequently ran over-budget, were late, did not meet all the requirements, or did not finish at all. The 
CHAOS report, published in 1995 [1], analyzed the causes of these project failures. It found the primary 
reasons for failure were a lack of user input, incomplete requirements and specifications, and changing 
requirements and specifications. Numerous processes were independently proposed to create a more 
flexible model for software development. In 2001, proponents of these processes condensed their ideas 
into the Agile manifesto [2], and it has come to dominate the software industry today as the core of 
most development strategies.  
 Despite its prominence, there is no strict interpretation of what constitutes Agile. While there 
are many common themes, there are a large variety of practices that businesses use to maintain an 
Agile mindset. A detailed look at the best of these practices can provide a better learning experience in 
the campus setting, especially for courses revolving around Agile.  
Introduction to Agile 
 The highest priority for any Agile project is to develop working software. Working software is 
the primary measure of progress in an Agile environment, and every process put in place should be in 
support of this goal. It is difficult to know every possible requirement or use case the software will have 
at the beginning of a project. Providing working software to a client frequently and regularly allows for 
rapid feedback. This ensures that the client and developers understand each other’s concerns, that 
requirements are consistently being met, and that any changes to requirements are known well in 
advance of the end of the project, saving both time and money.  
 For further analysis of Agile, the Scrum delivery method will be used. Scrum is the single most 
popular Agile framework, being used by 58% of respondents to VersionOne's 11th Annual State of Agile 
Report [3]. Scrum is the choice for analysis since it is the Agile framework used by CSE Senior Design. It 




The Scrum Framework 
 Scrum is a simple yet adaptive Agile development method. It relies on iterative development 
periods called sprints, lasting between one and four weeks, to produce working software artifacts. There 
are a variety of artifacts, team roles, and ceremonies designed to maintain the Agile mindset throughout 
development. Artifacts are tangible products of development, such as code, designs, or documentation. 
Team roles define the responsibilities of each developer and ceremonies are regular meetings designed 
to provide project management. While there can be many additional artifacts, roles, and ceremonies 
depending on the team, the Scrum framework operates the following as a base.  
Artifacts 
Backlog 
 The backlog tracks all work to be done during the development of a project. Development 
features, bugs, and updates are broken down into manageable chunks and tracked as tickets in the 
development backlog. These tickets contain information on each feature, such as feature requirements, 
who is working on it, and related tickets. The backlog will track the status of each ticket during 
development. At its most basic, these statuses include: 
 
Project Backlog- Tickets stored in this category have not yet been worked on and are not yet 
marked for work this sprint.  
Sprint Backlog- Tickets stored here are marked for work this sprint. At this point they are 
properly defined and ready for a developer to begin work.  
In Progress- Once a developer picks a ticket from the sprint backlog, it is moved into this 
category until work on it has finished. 
Quality Assurance- Once coding work has finished, the ticket is moved here. Quality assurance 
consists of testing, code review, and any necessary documentation. 
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Done- The final category where a ticket is moved once all work has been completed. 
  
 The backlog is regularly updated during development, with the relevant tickets being moved 
between statuses as they progress. The backlog makes all work on the product transparent to the team 
and provides a strong roadmap for forward progress. Breaking down feature work into smaller tasks 
makes the Agile goal of creating working software much more attainable as each of these tasks can be 
completed from planning to quality assurance in a single sprint.  
Team Roles 
Scrum Master 
 The goal of the Scrum Master is to maintain the team’s Agile mindset. He or she should be 
knowledgeable with regard to Agile frameworks and take the lead during ceremonies and most other 
team interactions. Their primary responsibilities are to manage team events and be the primary contact 
for removing obstacles for the rest of the development team. 
Product Owner 
 While the Scrum Master focuses on the process, the product owner focuses on the product. 
Their goal is to map out the product’s features and prioritize them in the backlog. They take the lead 
during sprint planning sessions to maximize the team’s productive capacity and the products’ value to 
the client.  
Developer 
 Any team member who is not the scrum master or product owner role falls under developer. 
The development team works with each other to deliver working software in incrementing amounts. 
The team is self-organizing and is expected to take initiative in bringing in new tickets and keeping the 






 In Scrum, many of the ceremonies, the meetings which provide project management, revolve 
around sprints. The development period sprints define dictates the development process. At the 
beginning of each sprint, a ceremony occurs to plan out the development period. The goal of this 
ceremony is to determine what the team can achieve this sprint and how to do so. Any potential tickets 
are pulled from the project backlog, the project worklist. Items to consider while selecting tickets 
include the features completed last sprint, ticket priorities, any tickets rolled over from last sprint, how 
complete the design and definition of the tickets are, and team capacity for the upcoming sprint. Input is 
given from the whole team on each potential ticket. If a ticket is to be worked on during the sprint, the 
team collectively assigns a point value which represents the ticket’s relative complexity and moves the 
ticket to the sprint backlog, which marks it for work this sprint. The point value is not a definitive 
measure of how long the ticket will take since there is inherent uncertainty in doing so, but can still be a 
decent measure of time. Once the team reaches capacity for the upcoming sprint, developers are 
assigned their first tickets and can begin working. 
Sprint planning coordinates the goals of the sprint with the development team and allows 
questions to be addressed prior to coding. Rapid feedback is essential to maintaining the Agile mindset, 
and sprint planning gives the opportunity to incorporate feedback from the previous sprint into future 
work.  
Daily Standup/Scrum 
 The daily standup is essentially a team update meeting. The goal of the standup is to ensure that 
each team member is meeting their commitments and removing any potential obstacles to doing so. 
These meetings are brief, usually about 15 minutes in length. During the meeting, each team member 
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states what they accomplished the day before, what they plan to accomplish that day, and any potential 
blocks which may impede their progress. 
 
Sprint Retrospective 
The sprint retrospective occurs just before the end of a sprint and is a review of how the 
previous sprint went. However, the retrospective focuses less on what was delivered and more on how. 
Retrospective allows the team to address how well their processes helped them reach their goal and if 
any changes need to be made. The goal is to achieve changes to the development process to streamline 
delivery. The team will usually start by asking what went well, what did not go well, and what needs to 
improve. From there, a conclusion can be reached on what changes can be made and implemented 
during the next sprint.  
The retrospective ceremony highlights the adaptive nature of the Scrum framework and of Agile 
as a whole. Processes or tools which fail to deliver expectations can be altered over time according to 
the team’s needs and help keep their focus on delivering working software [4] – [7].  
Agile and Scrum in Summary 
Practice Benefits 
Backlog Artifact for tracking work progress makes the 
status and details of all current and upcoming 
features clear to the team. 
Team Roles Leadership roles focused on maintaining the Agile 
mindset and fulfilling project requirements while 
developer roles focus on delivering working 
software. 
Sprint Planning Biweekly planning sessions ensures upcoming 
work is properly prepared and developer 
workload is managed. 
Daily Standup/Scrum Daily status updates keep developers 
accountable and helps to remove potential blocks 
on their progress. 
Sprint Retrospective Retrospective allows the development process to 





The Agile mindset keeps the ultimate focus of any software project on delivering working 
software to the client. This in turn enables rapid feedback to be implemented earlier and avoid 
problems later in the project’s timeline. This adaptability is often supported by specialized artifacts, 
team roles, and ceremonies. The Scrum framework shows just a few of the practices that are used to 
maintain an Agile mindset. At a basic level, both much of industry and CSE Senior Design operate on this 
framework. Scrum’s implementation in both will be analyzed in the following sections.  
It should be emphasized that one can implement all of the example artifacts, roles, and 
ceremonies and not be considered Agile. This is considered doing Agile, as opposed to being Agile. The 
Agile mindset focuses on delivering working software above all else. If a team implements an Agile 
framework without rapid and consistent client feedback, then they will likely meet the same problems, 
and failures, of processes of the past. This feedback, when paired with processes supporting the Agile 
mindset, will build the tools and adaptability needed for a successful software project.  
 
Industry Practice of Agile 
 With basic knowledge of Agile in mind, we can now turn to other additional practices industry 
uses to maintain the Agile mindset. Due to the immense variety of Agile practices, it is not practical to 
make an exhaustive list of all best practices. Instead, we will look at a few noteworthy practices drawn 
mostly from personal experience.  
Important Practices 
Team Roles 
 In industry, many non-developer roles are present on each team. Dedicated designers and 
analysts are given tasks in the day-to-day development process. Incorporating business analysts and 
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other non-developer roles into the development team not only allows more viewpoints to be addressed, 
but also allows each role to focus on specific parts of the process. This division of responsibilities is 
tracked and documented by each team. 
 For example, business analysts can coordinate with the product owner to plan and prioritize 
upcoming features. This group will then coordinate with the design team on the user experience and 
how the new features should operate. This information is passed along to developers, who will review 
and implement these features. Developers will then add those features to the central repository, where 
the designers and business analysts can check for quality assurance and user documentation. All roles 
are present during ceremonies, such as standup or sprint planning. Thus, planning, design, or 
implementation questions can all be handled by the relevant party in a timely manner, ensuring any 
issues are caught early.  
Ceremonies 
Demo 
 Being able to demonstrate new features is critical to receiving quality feedback. While a demo is 
a very common practice, it can manifest in a few different ways in industry. In the context of the Scrum 
framework, it will occur in conjunction with the end of a sprint. A demo can be performed actively by 
presenting features before the team or client, or it can be performed passively by giving the team or 
client a working version to explore on their own.  
 An active demo is when one or more team members presents new features before the team or 
client. In my personal experience, newly developed features were demoed before the entire company. 
This allows anyone to give input on the new features. Designers, business analysts, and developers alike 
can give concerns and comments relevant to their role, ensuring that all aspects of a feature are 
considered before being brought before a client.  
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 A passive demo consists of providing a working example of the features to be shown. Usually 
this consists of adding the new features to an already existing application that the client can access. The 
Agile mindset is especially beneficial here, as providing a copy of working software allows the client to 
freely explore the application, not being limited to what is actively demonstrated by the team. Feedback 
is also more timely, as the client can communicate changes more regularly.  
Backlog Grooming 
 Backlog grooming is a weekly ceremony attended to by the entire team. Priority tickets in the 
project backlog, those scheduled to be worked on during the upcoming sprint, are reviewed by the team 
to catch potential issues before the implementation phase. These tickets could then be discussed and, if 
necessary, passed back to design or planning to ensure the ticket is ready for implementation. The 
backlog is then reorganized and prioritized. This ceremony ensures that upcoming sprints have tickets 
which are adequately prepared, preventing potential blocks from occurring during implementation. 
Level 10 
 While not a standard Agile practice, Level 10 meetings [8] fit well into the framework. Level 10 is 
a cross-team practice used to discuss development processes and their effectiveness. The goal of this 
practice is to ensure team commitments are being met, to remove blockers from the development 
team,  to improve development processes across all teams, and to solve issues generally. It also serves 
as an informal way to discuss useful skills or tools.  
 Level 10 is a weekly, hour and a half long meeting. It begins with a review of cross-team metrics, 
usually tracked by pull requests, a mechanism for managing changes in the code repository. These 
metrics can be lines per pull request, number of reviewer approvals per pull request, or average time 
per pull request closed, among others. This is followed by a review of team and individual commitments. 
These commitments are often unrelated to active tickets and instead are focused on skill building or 
implementing process improvements identified in prior Level 10 meetings. Next comes general 
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discussion, where items of interest are discussed. These topics are wide ranging, but usually focused on 
system or process issues, long-term goals, and ideas for skill building. From these discussions, action 
items for investigating or implementing improvements are assigned to members to be completed by the 
next Level 10 meeting. 
Industry Practice of Agile in Summary  
Practice Benefits 
Specialized Roles A variety of specialized roles allows focus on 
particular points of development and different 
viewpoints to be addressed. 
Demo Regular demonstration to developers and clients 
enables rapid feedback. 
Backlog Grooming Adequate preparation of upcoming work and 
anticipating issues removes potential blocks 
during implementation. 
Level 10 Streamlining development and focusing on skill 
building improves the development process and 
solves issues generally. 
 
These examples represent just a few of the practices I have experienced in industry. While these 
examples are limited in scope, they demonstrate flexible strategies for delivering working software. 
Continually adapting processes to new challenges in a timely manner is a core tenet of Agile. Once again, 
delivering working software is always the core concern. With these practices in mind, let us take a look 
at the state of Agile in CSE Senior Design with the goal of finding feasible suggestions for improving the 
practice. 
 
CSE Senior Design Practice of Agile 
 Although some courses at the University of Nebraska-Lincoln have begun to incorporate Agile 
into their curriculum, for many students CSE Senior Design will be their first introduction to and 
application of Agile frameworks. Senior Design emphasizes a number of Agile artifacts, team roles, and 
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ceremonies during project development, but time constraints and student inexperience means there is 
often difficulty in applying these concepts. We will discuss the existing Agile practices of Senior Design 
and then apply suggestions which will improve the Agile mindset within the course. 
Existing Practices 
 CSE Senior Design utilizes the Scrum framework as the base of its Agile processes. As a result, 
much of that framework’s artifacts and practices can be applied here. Further analysis will focus on 
those practices unique to Senior Design.  
Team Roles 
Product Manager 
 The product manager is a student role and is responsible for what product is being built. Their 
goal is to ensure that the product being delivered meets the requirements of the sponsor. They 
essentially fill the Scrum role of product owner on the student development team and are responsible 
for story mapping, backlog management, and feature planning. They will often be the primary contact 
for the sponsors and will coordinate with them on the product being delivered. 
Development Manager 
 The development manager is a student role and is responsible for how the product will be built. 
Their responsibility is to determine frameworks, tools, and processes necessary to meet the 
requirements of the sponsor. They ensure the quality of the code and its development and will often be 
the foremost authority for technical questions the team may have.  
Developer 
 Any student who is not a product manager or development manager is a developer. This role is 
essentially identical to the Scrum developer role. The developer team is self-organizing and will help to 




 External roles are project stakeholders outside of the student development team. These include 
Senior Design faculty like the project coach, project manager, and tribe lead, as well as the industry 
sponsor for whom the product is being delivered. The goal of these roles is to help guide and support 
the development team during the project.  
Ceremonies 
Sponsor and Release Meetings 
 Sponsor and release meetings are opportunities for the development team to demonstrate to 
their sponsors the product delivered so far. Sponsor meetings occur weekly, while release meetings 
occur at the end of each release, usually about a month apart. While release meetings are more 
infrequent than sponsor meetings, they both have the goal of updating sponsors on accomplishments 
and future plans. They will typically include a live demo of the product for soliciting feedback. These 
meetings emphasize the Agile mindset for adapting plans and processes as necessary to meet 
requirements.  
Workshops 
 While not a ceremony in the traditional Agile sense, workshops are designed to teach students 
the processes behind Agile frameworks. They occur only during the early phases of the projects. These 
include frameworks such as Scrum and their ceremonies like standups, sprint planning, and backlog 
grooming. Their instruction is usually high-level and often does not give technical knowledge necessary 







CSE Senior Design Practice of Agile in Summary 
Practice Benefits 
Internal Team Roles Scrum-like team roles focuses on self-
organization and delegates most planning to 
managers.  
External Team Roles External team with greater experience supports 
the developer team and guides them towards the 
end goal. 
Sponsor/Release Meetings Regular meetings with industry sponsor to 
discuss accomplishments, give feedback, and plan 
future work. 
Workshops Provides high-level instruction on Agile practices 
to be applied during the project. 
 
Potential Improvements for the Practice of Agile 
Challenges 
 There are many noteworthy differences between CSE Senior Design and industry which would 
prevent a direct application of industry practices. A full-time industry developer can devote 40 hours 
each week while most students will devote about 10 hours per week to Senior Design. Secondly, while 
industry will provide formal training for onboarding developers, Senior Design does not. Senior Design’s 
instruction is limited to the artifacts and processes common to all teams and the instruction itself is 
given only at a high level. While sponsors can provide insight to their work and requirements, many lack 
technical expertise and cannot advise students on tools or frameworks being used for project 
development. Much of the early phases of the project are taken up by learning these tools.  
These differences all result in significant time constraints for Senior Design students. Thus, any 
new changes to Senior Design cannot encumber students by taking more of their valuable time away 




Student inexperience with the Agile mindset can also hinder proper application of Agile 
processes. Student motivation and team cohesion may also be a factor in this. As stated earlier, there is 
a distinction between doing Agile and being Agile. Simply employing Agile processes without 
emphasizing the underlying goal, to deliver working software, may unintentionally lead to an inflexible 
development process. However, doing Agile is still better than not being Agile in any sense. In the case 
of Senior Design, it may simply be that this lack of experience cannot be avoided, in which case doing 
Agile can be considered a necessary step to being Agile.  
Suggestions 
 Having identified the improvements which can be made, the following are a few suggestions 
which can be used to enhance CSE Senior Design’s practice of Agile.  
Resource Forum 
 This suggestion is inspired by the Level 10 industry practice. Many aspects of CSE Senior Design 
are new to students, such as learning new languages, processes, frameworks, and tools. This is often 
done on team time otherwise devoted to making forward progress. If teams are lucky, they may have 
access to a coach or sponsor with resources or knowledge which can help, but this is far from 
guaranteed. Instead of having each team try to learn these frameworks independently, providing a 
cross-team forum for discussion and limited collaboration could accelerate this learning phase of the 
projects. These forums would focus on skill building for common languages, processes, and tools used 
across multiple Senior Design teams. Second-year students can also be utilized as resources within these 
forums.  
By exchanging resources, tips, and existing knowledge teams can overcome early blocks to 
forward progress, encouraging the Agile mindset by allowing more time to be devoted towards 
delivering working software for the sponsors. Since this is not a heavy process, its inclusion will not 
further encumber teams on the process side of development. However, some thought will need to be 
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given as to how much collaboration is considered acceptable. These forums should not be used for 
sharing code, only for sharing techniques and high-level knowledge. 
 
Agile Tools Resource Improvements 
Also new to most students are the tools used by CSE Senior Design, the most prominent of 
which is GitHub with ZenHub integration. GitHub is the code repository housing project code while  
ZenHub is an add-on for integrating an Agile backlog. Effectively using these tools is critical for project 
success. For students not already familiar with these tools and concepts, taking the time to learn these 
tools once again takes away from making forward progress on the project. CSE Senior Design does 
introduce these tools to students through a short introductory video and some short reading material. 
However, the video is a broad overview of the tools and the reading material a high-level overview of 
class topics without explicit examples of how these would be implemented through the tools students 
will use, so there is room for improvement. 
 The reading material should make heavier use of graphics or screenshots demonstrating how 
these topics can be applied using the tools. This will apply context to the topics being discussed and give 
them immediate and practical application to the students’ projects. This will turn the reading material 
into a concise guide rather than a written lecture. Dedicated training videos can also be given, though 
their value is less certain since students are not usually compelled to watch long videos. Since some 
courses prior to Senior Design are teaching these tools and concepts, these guides and videos will help 
to refresh students’ understanding as they enter Senior Design.  
Workshop Improvements 
 Workshops which focus on Agile processes, such as backlog implementation and story mapping, 
should emphasize the context in which the processes work, that being Agile. The focus for these 
workshops should be less on the process itself and more on the value it provides to an Agile 
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environment. Consistently reiterate the goal of delivering working software and how this process assists 
in that goal. 
 Unfortunately, this suggestion is inherently harder to give concrete improvements on. Defining 
what it means to be Agile in the context of Senior Design will require refinement over the course of 
multiple years. Thus, this suggestion may not be feasible on a short timescale. It should also be noted 
that my experience with these workshops may differ significantly from others and that this suggestion 




 The Agile framework is the foundation of the modern software industry and the University of 
Nebraska-Lincoln must ensure its students are adequately prepared with knowledge of Agile. CSE Senior 
Design is currently the most appropriate course to instill this knowledge, which in many cases it does 
strive to do by following the Scrum framework and instructing students on Agile processes in workshops. 
However, the introduction of resource forums and emphasizing the larger context of Agile in workshops 
may help students gain a deeper understanding of the framework and assist them in performing 
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